Introduction
The selection of materials for cutting and drilling tools is crucial; it requires a combination between good toughness and high hardness. For that raison, the employment of WC-Co cermet seems a good choice due to its excellent properties including high hardness, good resistance even at high temperature and its low thermal expansion coefficient (TEC) [1, 2] . Recently, the assembly of cermet or hard metals to steel structures especially for drilling and cutting tools has generated a lot of interest [3] [4] [5] [6] . Numerous research works studied the influence of temperature on the WC-Co/steel brazed joint brazing. Uzkut et al. [7] found that the formation of an intermediate layer of Fe-Co-Cu along the WC-Co /braze interface using a CuZnNi10 as a filler alloy. Moreover, Chen et al. [8] found that the addition of Ni allows the formation of an inter-diffusion zone, which improved the mechanical strength of the brazed joint WC-Co /Ni interlayer / stainless steel, Lee et al. [9] found a migration of cobalt from WC-Co cermet towards the braze, thus generating a good influence on mechanical properties of the joint. In addition, the diffusion of Ni from the braze to the steel.
In the present work a comparative study based on the microstructure and mechanical properties of the brazed joints obtained using TIG and Oxyacetylene processes, the employment of TIG brazing process to join cermet to steel requires a comparison with the oxyacetylene process in order to adopt it for other applications than the assembly of the drilling tools.
Experimental Methods
The hard material used in this study is WC-10% Co with 13 mm diameter, 9 mm in thickness and AISI 1020 steel with 0.21% of carbon, the main compositions of the base materials were shown in table 1. In this work two different types of brazing were used to join WC-Co to AISI 1020 steel using the same Ag based filler alloy. The first process was manual oxyacetylene brazing process with one pass .the second was the TIG brazing operation, it was carried out by means of the Ag based filler material and argon shielding gas with 80A of brazing current and 9V of voltage using direct current negative mode electrode (DCEN) to ensure an important penetration and produces a narrow weld pool. The working temperature during each process was measured using an infrared thermometer SCANTEMP 490; it indicated a temperature of 620 to 650 ° C for oxyacetylene process, whereas for TIG process it was over 1100 °C.
Before starting the characterization, an adequate preparation of the samples surface by surfacing and then by polishing is important, the standard of the ceramo-graphic preparation were respected and the surfaces were polished by a series of the diamond paste from 15μm up to 0.5μm. Subsequently, the micro-hardness is tested by BUEHLER LTD micro-hardness tester. In order to determine the fracture toughness of the WC-Co, indentation fracture toughness method has been performed using Vickers indenter under 30 Kg f (294.3 N) load. Four indentations along the parallel line of the WC-Co / filler alloy interface were made as shown schematically in Fig. 1 and the crack width is measured by an optical microscope. It was found in this work that for the second range of indentations, the toughness values are identical to those of WC-Co. (18 MPa/m1/2) no treated and no heat affected. For this purpose, we considered only the parallel line closest to the interface. Since the c / a ratio is less than 2.5, that means the cracks developed in the WC-Co are Palmqvist type [10] [11] .Therefore, the fracture toughness (KIC) was assessed from Shetty equation [12] according to Eq. 1 :
Where H is the hardness (N/mm 2 ), P is the applied load (N) and ΣL is the sum of crack lengths (mm). Fig. 3a and 3b exhibit similar microstructure aspect of the filler alloy obtained from both brazing processes. Three distinct zones can be distinguish in the filler alloy microstructure, and that for both brazing processes. The EDS analysis (Table 2 ) established in each zone reveals that the dark region is Cu solid solution 'Cu (s,s)', the white region is Ag solid solution 'Ag(s,s)' and the third one is an eutectic phase of Ag-Cu-Zn. These results are in good agreement with those found by Jang et al. [13] . The main difference between the filler alloy issued from each brazing process is that, the Cu (s,s) ratio is smaller in TIG process than in the oxyacetylene one. Furthermore, the eutectic phase structure is finer in the oxyacetylene process due to the low brazing temperature which decreases the diffusion activity and preventing eutectic coarsening, that may have direct influence on the mechanical properties of the brazed joint. Fig. 4(a, b) shows the AISI 1020 steel/filler alloy interfaces obtained by TIG and oxyacetylene process. It is clear that the microstructure of the filler alloy at the interfaces issued from each process is completely different. A dark layer along this interface is detected and it is more marked using TIG process, The EDS analysis Fig. 6(a, b) , reveals that this region is constitute of Cu (s,s) phase mainly composed of Cu, Mn and Ni. The formation of this layer is occurred during the cooling cycle where the nucleation of the first crystals start from the cold surfaces (in that case the interfaces with the base materials, the WC-Co and the steel) and they growth perpendicularly to these interfaces. The extent of the Cu (s,s) layer along the interface is more important in the interface obtained by TIG process compared to the one obtained by oxyacetylene. This may be attributed to the working temperatures that influences the diffusion and the solidification mechanism of different phases of the filler alloy, where a rapid cooling (oxyacetylene) causes a homogeneous nucleation of the Cu (s,s) islands throughout the filler alloy with smaller extent of Cu (s,s) layer along the interfaces compared to TIG brazing process. The Cu (s,s) do not only precipitate at the interface but rather throughout the filler alloy matrix. Their existence at this location becomes clearer with TIG process. This can be explained by the fact that the high temperature generated by TIG process promotes the diffusion of large amount of Ni towards the base materials which allows the formation of Cu (s,s) islands throughout the filler alloy matrix [14] . On the other side, a remarkable rearrangement of the WC particles at the WC-Co/filler alloy interface is detected (Fig. 5a ). This can be explained by the temperature that affects locally the region of the WC-Co situated along the WC-Co/filler alloy interface accompanied with the diffusion of Co from this region towards the interior of the WC-Co as well as the filler alloy particularly the Cu (s,s), as revealed by the EDS analyses conducted on the WC-Co side near the line interface with the filler alloy shown in Fig. 7a and b. 
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Diffusion Foundations Vol. 18 8 shows the micro-hardness distribution across the brazed joints. The curves exhibit a similar tendency for both procedures, i.e. the high value of hardness is recorded in the WC-Co cermet side with 1460 HV. Then, it decreases until the filler alloy due to the ductile nature of the elements especially present such as Cu, Ni and Zn that have a low hardness. After that, it increases close to the AISI 1020 steel where it remains nearly constant at 185 HV. The filler alloy issued from oxyacetylene process has high hardness compared to the one obtained by TIG process (160 HV and 145 HV, respectively). This difference, can be attributed to the low content of Cu (s,s) that improves the mechanical properties of the braze with the dispersion strengthening mechanism, where, the dispersion strengthening effect weakens with decreasing the Cu (s.s) phase [13] . In the TIG brazed joint, the behavior in hardness exhibits two different regions at the interface, the first region near to the WC-Co interface where the inter-diffusion of Co and braze elements is occurred, this region shows high hardness compared to the braze ones (320 HV0.3). The second region is the steel side near the filler alloy due to the heat affected zone (HAZ) which exhibits high hardness (210 HV) compared to the steel non-affected. In this part, we aim to study the effects of brazing process on the indentation response (fracture toughness) of WC-Co cermet near the parallel line to the filler alloy ( Fig. 1 ) using Shetty equation (Eq. 1) as suggested in literature [12] .
The hardness results (H IT ) and the fracture toughness values of each brazing process are shown in Fig. 9 . We note that for oxyacetylene brazing process, the fracture toughness of WC-Co is comparable to that of WC-Co non-affected with a slight decrease (18 MPa/m 1/2 against 15 MPa/m 1/2 ). On the other side, In the TIG brazed joint, the fracture toughness shows a strong drop until 7 MPa / m 1 / 2 . This behavior of WC-Co is strongly related to the thermal compression stresses due to the increase of the temperature during brazing process (TIG process). We note that the cracks start from the corners of the indents and develop and propagate much more in the parallel direction to the interface than the perpendicular one, this is more likely due to the difference in TEC between the different zones in WC-Co (near and far from the interface) as shown in Fig. 1b . The low TEC of WC-Co causes these compressive stresses, which boosts the cracks to develop in the opposite direction. As a result, the material becomes increasingly hard and brittle when approaching the WCCo/braze interface and loses its toughness by changing the brazing process (TIG process).
Fig. 9:
Fracture toughness and hardness measurements on the WC-Co near the parallel line interface to the filler alloy using TIG and oxyacetylene brazing processes.
Conclusion
The conclusions obtained in this work can be summarized as follows: -A decrease of the Cu (s,s) fraction was observed in TIG brazed joint accompanied with a coarsening phenomenon of Ag-Cu-Zn eutectic structure. -A short inter-diffusion range between the Ni and Cu from the filler alloy and the Co from WCCo and between the Fe of the steel 1020 with the Cu from filler alloy, which raised the interfaces mechanical properties. This inter-diffusion is more important in TIG brazed joint. -The filler alloy issued from TIG brazing process has a higher hardness than that of oxyacetylene due to the high fraction of Cu (s, s). -The WC-Co/filler alloy interfaces revealed that a high brazing temperature (1100°C) using TIG process results the formation of a Co poor band, rich in WC particles rearranged along the interface with the filler alloy. This brittle zone is responsible of the low toughness of the interface and the weakness of the brazed joint.
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